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osting by E
cense.Abstract The electrochemical reactions of a copper electrode in Na2S solutions were studied
using cyclic voltammetry, potentiostatic and galvanostatic measurements. In addition surface
examination and morphological studies were applied using scanning electron microscopy
(SEM), energy dispersive analysis of X-rays (EDAX). There are three anodic peaks were found
in the anodic branch of the voltammogram’s. These peaks may be corresponding successively
to the formation of Cu2S, CuS and Cu2O. On the other hand, the cathodic branch contains four
peaks. These peaks correspond to the reduction of copper oxide and copper sulﬁde formed on the
anodic branch.
ª 2009 King Saud University. Open access under CC BY-NC-ND license.1. Introduction
The sulﬁdation of metals is a process of practical importance
as well as of theoretical interest as oxidation. From the theo-
retical point of view, sulﬁdation reactions afford important
parallels and contrasts with the corresponding oxidation reac-
tions. Films of solid reactions formed on metals and alloys
constitute in general, a ﬁeld of study of great importance in
electrochemistry, which is still for investigations on the electro-
chemical behavior of copper in sulﬁde solutions and the forma-
tion of sulﬁde ﬁlms on copper are relatively scare despite theiro.com (I. Zaafarany).
ity.
lsevierimportance in many areas of applied chemistry and electro-
chemistry (Gennerode De Chialvo and Arvia, 1985; Rand,
1977; Peter, 1978). Stoichiometric and non-stoichiometric cop-
per sulﬁde ﬁlms have been widely used in dielectric metalliza-
tion (Stepanova et al., 2003), in solar cell technology
(Schimmel et al., 1998) and as ion speciﬁc electrode (Zirino
et al., 2002), when soluble sulﬁdes are present in potable water
or seawater, a thick black, poorly adherent scale forms on cop-
per or brass surface (Jacobs and Edwards, 2000). This scale is
composed mainly of Cu2S although CuS, Cu2O and non-stoi-
chiometric copper sulﬁde species such as Cu1.8S have also been
reported (McNeil et al., 1993).
Cu2S has been formed as an insoluble ﬁlm on Cu electrode
in aqueous sulﬁde solutions according to (Velasquez et al.,
2001):
2CuþHS þOH  Cu2S ðfilmÞ þH2Oþ 2e ð1Þ
The aim of the present work aims to give new lights on the
characteristics of the reaction products performed on the cop-
per surface in sodium sulﬁde (Na2S) using cyclic voltammo-
grams technique.
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The working copper electrode was prepared from high purity
(99.98%) copper rod. A small piece of copper rod, diameter
6 mm, length 6 mm was placed in a ‘‘Kel-F’’ shield. These were
ﬁxed to borosilicate glass tube with epoxy resin. Electrical con-
tact was achieved through a copper wire soldered to the end of
the electrode not exposed to the solution. Before being used,
the electrode surface was polished with different grade emery
papers until it appeared free of scratches and other defects.
Then, it was rinsed with acetone and ﬁnally washed with twice
distilled water. All chemical used were of A.R. quality. The
electrolytic cell was all Pyrex and is described elsewhere
(Shams El-Din and Abd El-Haleem, 1973).
Cyclic voltammograms (CVs), potentiostatic and galvano-
static polarization techniques performed using autolab [ECO
Chemie] combined with the software package General purpose
Electrochemical System (GPES) was used. This is a computer-
controlled electrochemical measurements system. It consists of
data-acquisition system and a potentiostat/galvanostat. CV
was used to study the corrosion of copper in sodium sulﬁde
solutions (Na2S) sweeping from 1.8 to 0.8 V. All measure-
ments were taken at 25 ± 1 C.
Scanning electron microscope (SEM) of the type (XL 30)
was used to examine the surface of copper in absence and pres-
ence of Na2S solution. All micrograph of corroded specimens
were taken at a magniﬁcation of (X500). Energy dispersine
analysis of X-ray [EDAX] examination using a Trakton TV
2000 energy dispersive spectrometer was used in this work.
3. Results and discussion
3.1. Cyclic voltammetry
The electrochemical behavior of copper electrode was studied
in normally aerated 0.8 M aqueous sodium sulﬁde solution
using cyclic voltammogram’s technique. Fig. 1 represents the
CVs of Cu electrode in 0.8 M Na2S recorded in three succes-
sive sweeps at 25 C and at voltage sweep rate 50 mV/s. The
observed difference in the curves can be attributed to different
initial state of the electrode surface and can be recognized a
long both the anodic and cathodic branches of the cyclic
voltammograms. The initial state of the electrode surfaceFigure 1 Cyclic voltammogram of copperdetermines to an important extent the shape of the resulting
cyclic voltammograms.
It is of interest to remark that the second and third sweeps
give essentially similar voltammograms which differ from that
the ﬁrst sweep in some signiﬁcant characteristics. Inspection of
curves of Fig. 1 reveals that three peaks (A–C) in the anodic
branch of voltammograms and four peaks, in the cathodic
branch [D–G]. It is also note that there is no passivation is ob-
served, the current rises steadily.
3.1.1. Peak (A)
Peak (A) is a well-deﬁned peak appears at about 0.7 V and
in the contrast to this peak there are two steps are observed in
the cathodic branch of the scan indicating that the anodic peak
(A) is composite peak, the anodic peak (A) is supported by two
electron transfer reaction.
There seems to be a general agreement between different
authors that when copper electrodes comes in contact with sul-
ﬁde ions in solution, the corrosion product, developing sponta-
neously is mostly cuprous sulﬁde which thicken on anodic
polarization. This process can be looked upon as occurring
through the ionization of Cu metal followed by combination
of cuprous ions and sulﬁde with the precipitation of a porous
black-scale of cuprous sulﬁde on the surface.
2Cu  2Cuþþ þ 2e ð2Þ
2Cuþ þ S2  Cu2S ð3Þ
2Cuþ S2  Cu2Sþ 2e ð4Þ
The mechanism of the ﬁlm formation under peak (A) can
be explained, on the basis of speciﬁc adsorption of OH and
S2 (or HS) on the metal surface. Two alternatives can be
thought of surface ﬁlm formation under peak (A).
(i) The initially thin ﬁlm forms on the copper surface when
immersed in sulﬁde solution is Cu2S. The S
2 (or HS)
ions which are adsorbed on the metal oxide will ulti-
mately produce islands of Cu2S. The non-stoichiometric
Cu2S will induce the outward diffusion of Cu
2+ ions to
the ﬁlm solution interface and allows cuprous sulﬁde
scale growth on the top of the oxide ﬁlm. The OH ions
at the boundary between oxide ﬁlm and sulﬁde ﬁlm may
react with the anodically formed Cu+ ion and allow
some growth of the oxide ﬁlm or even if not previouslyin 0.8 M Na2S at sweep rate 50 mV/s.
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fur content never approach that of Cu2S scale that
grows on top of it then an oxide-type may begin to grow
beneath the sulﬁde ﬁlm as suggested by More and Bac-
caria (1975).
(ii) Initially thin ﬁlms of cuprous oxide and cuprous sulﬁde
could be formed on the surface in random fashion. Both
compounds are cation deﬁcient and that both thickening
occur by inducing the outward diffusion of Cu ions to
the ﬁlm/solution interphase. The build up of these ﬁlms
is rather complex. The deviation from stoichiometry of
Cu2O is different from that Cu2S and consequently rate
of thickening will be different. Beside the cuprous oxide
is a nonporous ﬁlm while the cuprous sulﬁde is porous
ﬁlm. As mentioned above, the porous structure of the
sulﬁde ﬁlm allows the solution to come in direct contact
with the copper electrode and Cu2O is obtained at the
metal/electrolyte interface at the bottom of Cu2S ﬁlm.
Thus, peak (A) could be attributed to the formation of du-
plex corrosion product on copper electrode. The available evi-
dence would indicate that the surface of the electrode is
covered with a thick optically black and porous scale which
is primarily Cu2S. This black-scale is separated from the metal
by a thin, subscale which is primarily protective, nonporous0 250.0
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Figure 3 Potentiostatic current–time curve of copper electrode in Ncuprous oxide doped with elements from solution (sulfur
doped, oxide scale).
3.1.2. Peak (B)
The second anodic peak (B) appears at nearly 0.1 V. This
peak is thought to correspond to the partial transformation
of the thick corrosion product Cu2S, formed under peak (A)
to CuS:
Cu2Sþ S2  2CuS ð5Þ
Some CuS may also be formed by the direct combination
between Cu2+ ions and sulﬁde ions which could block some
pores in the sulﬁde-type ﬁlm.
Cuþ S2  CuSþ 2e ð6Þ3.1.3. Peak (C)
The third anodic peak (C) at about 0.5 V, correspond to the
thick cuprous sulﬁde scale is transformed to copper oxide, ele-
mental sulfur is produced Nevertheless, the electronic and io-
nic conduction of the growing ﬁlm decease because of the
low S2 ion content (Bates and Popplewell, 1975).
2CuSþOH  Cu2Oþ 2SþHþ þ 2e ð7Þ500.0 750.0 1000.0
t / s
2S 0.8 M at potential 0.722 V (Cu2S formation, peak I in Fig. 1).
t / s
500.0 750.0 1000.0
a2S 0.8 M at potential 0.1 V (CuS formation, peak II in Fig. 1).
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When, however, the potential scan is reversed after the third
anodic peak (C), the four cathodic peaks (D–G) and (E) could
be attributed to the successive reduction of the copper oxide
layer giving eventually metallic copper. On the other hand,
the two cathodic peaks (H) and (G) could be attributed to
the reduction of copper sulﬁde.0 25.0
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Figure 6 Galvanostatic curve recorded for co3.2. Potentiostatic measurements
The potentiostatic measurements were performed at different
potentials between 0.8 and +0.8 V. Studies were performed
with the same copper electrode in different concentration
ranges as in the voltammetric study. Same shapes of
potentiostatic current transit curves were observed for50.0 75.0 100.0
t / s
ode at potential 1.033 V Na2S 0.8 M.
00.0 125.0 150.0 175.0 200.0
t / s
electrode in 0.8 M Na2S constant current 1 A.
100.075.00.0
t / s
pper electrode in 0.8 M Na2S current = 0.
Figure 7 Scanning electron photomicrographs of Cu in 0.8 M
Na2S. CA 0.1 V. (CuS) and CV 1.8 to 0.2 V.
Figure 8 Scanning electron photomicrographs of Cu in 0.8 M
Na2S. CV 1.8 to 0.8 V. (Cu2S) Roxbyite.
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per electrocrystallization process proceeded by the same
mechanisms.
Potentiostatic curves for different potentials are presented
in Figs. 2 and 3. The initial current decreases quickly indicating
the formation of a primary dense layer.
At conditions of the chronocoulometric measurement
Fig. 4. The formation starts with an initial charge of 2.10–
4 C, which corresponds to a charge density of 0.7 mC cm2
taking into account the area of the electrode of 0.28 cm2. This
very small charge is due to a very thin initial layer. With time,Figure 9 SEM pattern and EDAX proﬁle of the layer form by Cthree regions with decreasing steepness can be discerned: 0–4,
4–24 and 24 s – end of measurement (100 s). The third part
is almost linear. The ﬁrst steep increase is probably due to
the formation of a thin primary layer followed by a steady
slower growth of an intermediate and of a ﬁnal layer.
3.3. Galvanostatic measurements
Figs. 5 and 6 represent the galvanostatic curves recorded in
0.8 M Na2S solution at constant current. The diagram at zeroV from 1.8 to 0.8 V at sweep rate 50 mV/s in 0.8 M Na2S.
Figure 10 SEM pattern and EDAX proﬁle of the layer form by CV from 1.8 to +0.2 V at sweep rate 50 mV/s in 0.8 M Na2S.
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rent, the potential rapidly increase towards more negative val-
ues, as a consequence of active Cu dissolution. The ﬁrst
potential arrest, which is believed to correspond solely to the
monolayer of Cu(I) sulﬁde is denoted as the nucleation poten-
tial (E0). The potential plateau reached thereafter at approxi-
mately 0.7 V, corresponding to the peak potential in cyclic
voltammetry measurements as shown in Fig. 1. This potential
is denoted as the formation potential Ef. The period of time
corresponding to the potential plateau are denoted as transi-
tion time (Southampton Electrochemical Group, 1990).
After the plateau is completed, the potential begins to in-
crease again with time, indicating the further growth of an-
other sulﬁde layer. The second step in phenomenological
similar to the ﬁrst one. Thus, the formation of two well-deﬁned
layers is indicated.
3.4. Surface analysis
The corrosion product formed after immersed the copper elec-
trode in 0.8 M Na2S solution was investigated by scanning
electron photomicrograph (SEM) and energy dispersive analy-
sis of X-ray (EDAX). Fig. 7 shows the scanning electron pho-
tomicrograph of Cu electrode in 0.8 M Na2S often cyclic
voltammetry from 1.8 to 0.2 V. The layer of CuS is clear
but Fig. 8 shows the same micrograph it potential from 1.8
to 0.8 V the layer of Cu2S is clear.Figs. 9 and 10 show EDAX proﬁle of the layer formed on
the surface of copper often the CV from 1.8 to 0.8 V and
1.8 to 0.2 V, respectively, at sweep rate 50 mV/s. EDAX
analysis of the surface showed amounts of sulfur Cu and oxy-
gen. This is consistent with above discussion of the layers
formed on copper dissolution in Na2S.
4. Conclusion
The electrochemical behavior of copper in sodium sulﬁde solu-
tions are very complex and involve different processes depend-
ing in the potential range considered. The formation of
Roxbyite Cu2xS and Covellite CuS has been observed. The
evidence from CV and CA for anodic copper sulﬁde layer
growth model that is compositionally heterogeneous has been
veriﬁed XRD and SEM. Additionally the probe has shown the
presence of an initial layer electrodissolution step involving the
oxidation of Cu to the Cu(I) state. Nucleation and chemical
sulﬁdization of the copper has been shown to be an important
layer growth pathway.
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